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attributed entirely to the smaller conductivity of the larger sizes of carbon electrodes.
Dr. Carl Hering published in 1909 a mathematical treatment of this problem, based on certain assumptions which are nearly correct in most cases, which shows that it is not the cross-section itself, but the ratio of cross-section to length, which should be proportionate to the amount of current flowing. Many other interesting relationships are established, as shown in the following "laws of electrode losses" which are quoted directly from Dr. Bering's paper.l
Laws of Electrode Losses
a. The combined loss through the cold end of an electrode is equivalent to the sum of the loss by heat conduction alone2 (when there is no current) and half the C2R loss.3
6. The combined loss will be least when the loss by heat conduction alone is made equal to half the C2R loss; the total loss will then be equal to the C2R loss and no heat will be conducted from the interior of the furnace.
c.  This minimum loss is dependent only on the material, current, and temperature, but not on the absolute dimensions; it merely fixes the relation of the cross-section to the length, but leaves a choice of either; hence,
d.  For economy of electrode material the length should be made as short as practical considerations permit.
e.  For each material there is a definite minimum loss of electrode voltage which depends only on the temperature and is independent of the dimensions or the normal current for which the furnace is designed; hence,
j. The best possible electrode efficiency for any material may be determined from the total voltage of the furnace and this minimum voltage due to the material and the temperature, and is independent of the dimensions.
g. The temperatures indicated by the heat gradient of the combined flow are equal to the sums of those of the individual flows.
1 Carl Hering, Trans. Am. Electrochem. Soc., vol. xvi, 1909, p. 265; Elec-trochem. and Metall. Industry, vol. vii, 1909, p. 442.
2 The rate at which heat would flow along the electrode, from the furnace to the holder, if no electric current were supplied.
8 " C2R loss." The rate of heat production in the electrode due to the passage of the electric current. for any particular electrode material, as is usual in calculating the size of copper wires or cables. It was noted however that large electrodes were made to have a much smaller current-density than small ones, but this wasjackets at the point where they enter the furnace.   U. S. patent 855,441, see Electrochemical Industry, vol. v, p. 279. 7
l R. Turabull, "Furnace Electrodes Practically Considered." Trans. Am, Electrochem. Soc., vo). xxi (1912), p. 397.o measured the resistivity of molten pig-iron at 1,300° C. (Trans. Electrochem. Soc., vol. viii, p. 289), and finds it to be i6Xio~6 ohms per cubic centimeter (=0.000,063 ohm per inch cube). Electric Smelting and Refining (1897 Ed.). Figs. 157, 158, aqd 165. *
